The reaction between m-diphenols (resorcinol, 2-methylresorcinol, 2,5-10 dimethylresorcinol, 3-methylphenol, orcinol, and phloroglucinol) and 2-alkenals (2-11 pentenal and 2-octenal) was studied in an attempt to understand the chemical pathways 12 involved in the scavenging ability of m-diphenols for the 2-alkenals produced as a 13 consequence of lipid oxidation. Phenols reacted chemically with 2-alkenals producing a 14 number of 2H-chromenols, chromandiols, chromanols, and dihydropyrano[3,2-15 g]chromenes, which were isolated and identified by 1D and 2D nuclear magnetic 16 resonance (NMR) spectroscopy and mass spectrometry (MS). The identification of all 17 these compounds allowed proposing a general reaction pathway for these reactions. 18
Introduction 28
Phenol antioxidants are widely employed to prevent lipid oxidation because of their 29 radical scavenging abilities (Racicot, study has shown that the inhibition of PhIP depends on the structure of the phenolic 46 derivative involved, being m-diphenols the most efficient PhIP inhibitors (Salazar, 47 Arámbula-Villa, Hidalgo, & Zamora, 2014) . 48
The ability of phenolic compounds to inhibit PhIP formation is likely related to their 49 ability to scavenge the reactive carbonyl compounds required for PhIP formation. Thus, 50 the formation of PhIP is believed to be produced from phenylalanine and create(ni)ne in 51 the presence of reactive carbonyl compounds (Murkovic, C NMR spectra at 300 and 75.4 MHz, respectively, were determined in a 259
Bruker AC-300P, with tetramethylsilane as internal standard. Proton-carbon correlation 260 experiments were used in the assignation of 13 C NMR spectra. 261
Results 262

Reaction of 2-alkenals with m-diphenols 263
When m-diphenols and 2-alkenals were heated together, the disappearance of the 264 phenol and the aldehyde as well as the formation of reaction adducts were rapidly 265 observed. Analogous adducts were not observed when the reaction was carried out with 266 cathecol, as a model o-diphenol, or hydroquinone, as a model p-diphenol (data not 267 shown). eluted. Nevertheless, all these products were produced to a lower extent than the major 273 adducts formed between the phenol and the aldehyde. 274
Chromatographic pattern shown in Fig. 1 was always obtained independently of the  275 m-phenol and the 2-alkenal involved and mainly produced six families of compounds. 276
These families of compounds could be easily identified by their molecular weights and 277 mass spectra. Thus, A-type adducts had a molecular weight that was the sum of the 278 molecular weights of the corresponding phenol and aldehyde involved minus water. B-279 type adducts had a molecular weight that was the sum of the molecular weights of the 280 corresponding phenol and aldehyde involved. C-type adducts, which is not easily 281 observed in the shown chromatogram but it was an independent peak in chromatograms 282 involving other phenolic compounds, had a molecular weight that was the sum of the 283 molecular weights of the corresponding phenol and aldehyde involved minus water plus 284 methanol. D-type adducts had a molecular weight that was the sum of the molecular 285 weights of the corresponding phenol and two molecules of the aldehyde involved minus 286 two molecules of water. E-type adducts had a molecular weight that was the sum of the 287 molecular weights of the corresponding phenol and two molecules of the aldehyde 288 involved minus one molecule of water. Several E-type adducts were always observed 289 for each mixture studied. All these E-type adducts did not always have identical mass 290 spectra. Finally, F-type adducts had a molecular weight that corresponded to two 291 molecules of the phenol plus one of the aldehyde minus water. The appearance or not of 292 these adducts and the amount in which they appeared were highly dependent on the 293 phenolic compound involved (see below). Reactions also developed browning as a 294 function of reaction time (data not shown). 295 14 Fig. 2 shows the kinetics of formation of the different produced adducts grouped by 296 families of compounds. As can be observed, only area ratios are given. Nevertheless, all 297 adducts within a family had a similar structure (see below). Therefore, it is expected that 298 the relation among the different area ratios is similar to the relation between the 299 amounts of formed compounds. In fact, those adducts that exhibited higher area ratios 300 were isolated in higher amounts. 301
Independently of the family of adducts studied, most of the phenols assayed 302 exhibited a similar reactivity with the exception of phloroglucinol. Reactions involving 303 phloroglucinol reacted much more rapidly than those involving other phenols. However, 304 reaction yields of adducts obtained with phloroglucinol were not higher than reaction 305 yields obtained with other phenols. On the contrary, reactions with phloroglucinol 306 produced solid polymers that were not observed with the other phenols. 307
The main product in all assayed reaction mixtures was the A-type adduct. This 308 adduct was isolated and identified in all reaction mixtures. In addition, and in order to 309 understand the reaction pathways between phenols and 2-alkenals, some of the other 310 adducts produced were also isolated and characterized in some reactions. The isolation 311 and characterization of A, B, C, and D families of adducts formed between m-diphenols 312 and 2-alkenals are described in the next sections. On the other hand, attempts carried out 313 to isolate and characterize E-and F-type adducts were unsuccessful. 314
Formation of 2H-chromenol derivatives in the reaction of 2-alkenals with m-315 diphenols 316
A-type adducts were produced very rapidly. As observed in Fig. 2A, for most  317 phenols the concentration of A-type adducts increased for the first 24-48 h and 318 decreased afterwards. A-type adducts were formed much more rapidly in reactions 319 involving phloroglucinol, and most of the adduct produced in these reactions was 320 15 formed after heating for 15 min, although its concentration continued increasing slightly 321 afterwards. For preparative purposes, reactions were heated during 1 h for 322 phloroglucinol and 48 h for other phenols. A-type adducts were isolated in all studied 323 reactions and characterized as 2H-chromenol derivatives on the basis of mono-and bi-324 dimensional nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry 325 (MS). Spectral data for the characterized compounds are given in the Materials and 326
Methods section. Chemical structures are shown in Fig. 3 . 327
The reaction of 2-pentenal with resorcinol produced the adduct 14, with 2-328 methylresorcinol produced the adduct 15, with 2,5-dimethylresorcinol produced the 329 adduct 7, with 3-methoxyphenol produced the adduct 16, with orcinol produced the 330 adducts 17 and 18, and with phloroglucinol produced the adduct 19. The reaction 331 between phloroglucinol and 2-octenal produced the adduct 20. As observed in the 332 figure, the original structure of the phenolic compound can be easily recognized and 333 was responsible for the carbons 5-10 of the produced heterocycle. The aldehyde 334 contributed to the carbons 2-4 of the new heterocycle. In addition, the obtained results 335
showed that the A-type adduct was usually produced involving the carbon 4 of the 336 original phenol. Only the orcinol produced two heterocycles involving carbons 4 and 2 337 of the orcinol to produce adducts 17 and 18, respectively. Nevertheless, adduct 17 was 338 produced to a higher extent than adduct 18. 339
Formation of chromandiol derivatives in the reaction of 2-alkenals with m-340 diphenols 341
The second major compounds produced in the reaction of 2-alkenals with m-342 diphenols were B-type adducts (Fig. 1 ). They were also produced rapidly, but their 343 concentration in most cases increased during the 72 h studied (Fig. 2B) 
